Dynamic reorganization of the endomembrane system during spermatogenesis in Marchantia polymorpha.
The processes involved in sexual reproduction have been diversified during plant evolution. Whereas charales, bryophytes, pteridophytes, and some gymnosperms utilize motile sperm as male gametes, in other gymnosperms and angiosperms the immotile sperm cells are delivered to the egg cells through elongated pollen tubes. During formation of the motile sperms, cells undergo a dynamic morphological transformation including drastic changes in shape and the generation of locomotor architecture. The molecular mechanism involved in this process remains mostly unknown. Membrane trafficking fulfills the exchange of various proteins and lipids among single membrane-bound organelles in eukaryotic cells, contributing to various biological functions. RAB GTPases and SNARE proteins are evolutionarily conserved key machineries of membrane trafficking mechanisms, which regulate tethering and fusion of the transport vesicles to target membranes. Our observation of fluorescently tagged plasma membrane-resident SNARE proteins demonstrated that these proteins relocalize to spherical structures during the late stages in spermiogenesis. Similar changes in subcellular localization were also observed for other fluorescently tagged SNARE proteins and a RAB GTPase, which acts on other organelles including the Golgi apparatus and endosomes. Notably, a vacuolar SNARE, MpVAMP71, was localized on the membrane of the spherical structures. Electron microscopic analysis revealed that there are many degradation-related structures such as multi-vesicular bodies, autophagosomes, and autophagic bodies containing organelles. Our results indicate that the cell-autonomous degradation pathway plays a crucial role in the removal of membrane components and the cytoplasm during spermiogenesis of Marchantia polymorpha. This process differs substantially from mammalian spermatogenesis in which phagocytic removal of excess cytoplasm involves neighboring cells.